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© Structure and method for mounting laser diode arrays. 



© A carrier (10a, 10b) for a laser diode bar com- 
prises a generally rectangularly shaped block formed 
from a dielectric material having a high thermal 
conductivity. The block includes a stepped recess 
formed therein having a height essentially equal to 
one half the height of a laser diode bar (18) to be 
mounted thereon. An assembly for mounting a laser 
diode bar comprises a pair of carriers (10a,10b) in 
contact with one another and oriented such that their 
stepped recesses are in facing relationship to one 
another. A laser diode bar (18) is positioned between 
the carriers in the space left by their combined 
stepped recesses. A plurality of assemblies (30) may 
be placed in contact with or separated from one 
another. 




FIG. 3 
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BACKGROUND OF THE INVENTION 

1 . Field Of The Invention 

The present invention relates to laser diode 
\rrays. More specifically, the present invention re- 
lates to structures and methods for mounting laser 
diode arrays. 

2. The Prior Art 

Most laser diodes, particularly those operating 
at high power are typically mounted by soldering 
the laser diode or laser diode array to a heat 
spreader formed from a thermally conductive ma- 
terial such as diamond or copper. The heat spread- 
er is itself fixed to a sub-mount formed from a 
thermally conductive material such as copper. This 
final assembly is attached to a finned heat sink or a 
thermal electric cooler. The sizes and shapes of 
the various pieces and overall assembly can vary 
depending on the application. 

Most of the design considerations for a particu- 
lar mounting scheme are as much concerned with 
ease of assembly as with efficiency of heat re- 
moval. Because only the D.C. electrical characteris- 
tics and not light output of an individual laser diode 
can be tested in wafer form, individual laser diodes 
are typically mounted on the heat spreader and/or 
sub-mount and are then tested before committing 
f o final assembly. This two-step assembly proce- 
dure is important in order to maintain acceptable 
yield. Rework, necessitated by a poor or inoper- 
ative individual laser diode in a laser diode array, is 
expensive after final assembly; thus the mounting 
components and procedures are designed so that 
the laser can be tested optically as soon as possi- 
ble and subsequent handling of the laser itself is 
minimized. Relative and absolute thermal expan- 
sion of the parts is important in applications such 
as fiber-optic communications where alignment and 
stability is important. 

For high power applications, such as diode- 
pumped YAG lasers requiring concentrated high 
intensity laser radiation sources, such as laser di- 
ode arrays which may have many (50-100) emitting 
regions in a single 1 cm by 0.08 cm bar, a "rack 
and stack" approach is often employed which is 
extremely effective for removing high heat flux. 

The laser diode array is soldered to a heat 
spreader which carries the heat from the device to 
a cooled backplane which acts as the heat sink 
removing the heat. The basic rack and stack unit is 
repeated by stacking units one above another, re- 
sulting in a very compact concentrated high power 
laser light source with very high heat removal ca- 
pability. Sometimes an insulating spacer is moun- 
ted on top of the heat spreader to aid in assembly 



and to act as a wire bonding pad. As discussed 
above with the conventional mount, the laser diode 
array is first attached to a heat spreader or sub- 
mount which facilitates optical testing before final 

s assembly. Once the laser diode array optical per- 
formance is confirmed, the bars are then attached 
to the heat sink, a difficult process when many bars 
are- stacked on top of one another. In addition, 
since electrical current passes top to bottom 

w through the laser diode array, care must be taken 
not to electrically short the laser diode array and to 
isolate it properly from the other laser diode arrays 
and the heat sink. 

Because the laser diode arrays used in these 

75 applications dissipate large amounts of heat into 
small areas, the heat spreader must have good 
thermal properties as well as allow easy test and 
mounting. The heat sinks or cooled backplanes to 
which the mounted laser diode array is attached 

20 must be able to remove large quantities of heat 
from a small area. The advanced heat sinks used 
in these applications are typically impingement 
coolers or microchannei coolers. The impingement 
cooler sprays a cooling fluid directly against the 

25 backplane and is then recirculated through another 
cooling stage. A microchannei cooler, shown in the 
schematic above, circulates a fluid through narrow 
channels etched in a material such as silicon. Prop- 
erly designed, these devices can handle consider- 

30 able heat fluxes. 

In one instance, developed by Lawrence Liver- 
more Laboratory, a rack and stack mounting 
scheme has been developed where the heat sink to 
which the laser diode array is attached is itself a 

35 microchannei cooler. Thus in the rack and stack 
embodiment, laser diode arrays are mounted on 
individual microchannei coolers and this assembly 
stacked up. This requires solving complex design 
problems on how to get high pressure cooling fluid 

40 efficiently to all the coolers and how to channel 
electrical current through the coolers themselves. 

In view of the state of the art, there exists a 
need for providing a structure and method for 
mounting an array of laser diode emitters which 

45 overcomes the shortcomings of the prior art, which 
include difficulty of assembly leading to high cost 
and low yield, and the difficulty with working with 
high thermal conductivity materials to form rack 
and stack components. 

so It is an object of the present invention to im- 

prove heat removal from laser diode arrays. 

It is another object of the present invention to 
reduce laser diode array assembly complexity and 
to reduce yield losses during laser diode array 

55 assembly. 

It is a further object of the present invention to 
improve mechanical alignment precision of laser 
diode arrays, and to reduce the complexity of pow- 
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er supply metallization patterning for laser diode 
arrays. 

BRIEF DESCRIPTION OF THE INVENTION 

A laser diode bar carrier according to the 
present invention comprises a generally rectangular 
shaped block of dielectric material incorporating a 
stepped recess to accommodate a laser diode ar- 
ray. The stepped recess is preferably essentially 
half the thickness of a laser diode array to be 
mounted thereon. According to a presently pre- 
ferred embodiment of the invention, a laser diode 
array is mounted on two opposed faces of the 
stepped recess portions of a pair of laser diode bar 
carriers. The laser diode array is attached to the 
dielectric laser bar carriers using a suitable bond- 
ing technology, such as eutectic bonding, adhesive 
bonding, or other method. Metallization patterns 
placed on the bar carriers provide power supply 
voltage potentials to the diode emitters on the laser 
diode bars. The thickness of the laser bar carriers 
can be varied to optimize the tradeoff between 
vertical laser stacking density and lateral thermal 
resistance. 

The laser bar carriers according to the present 
invention may be fabricated from a variety of ma- 
terials. Materials which are excellent thermal con- 
ductors and electrical insulators are desirable, and 
diamond and beryllium oxide are two such materi- 
als. Diamond is the optimum material from the 
point of view of thermal properties and ther- 
momechanical stability. Metallization patterns for 
supplying power to the laser arrays may be formed 
on the faces of the laser bar carriers to allow 
powering the laser arrays in a variety of configura- 
tions. If the laser bar is constructed so as to permit, 
the diodes can be powered individually by leading 
metallization traces from the laser bar to the back- 
plane, or cooling plate region. This can allow dif- 
ferential powering of individual diodes to compen- 
sate for unit variation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1a and 1b are perspective views of a 
laser diode bar carrier according to a presently 
preferred embodiment of the invention showing two 
different illustrative variations of power-distribution 
metallization. 

FIG. 2 is a perspective view of the laser bar 
carrier of FIG. 1a showing a laser diode bar moun- 
ted thereon. 

FIG. 3 is a perspective view of the laser bar 
carrier and laser diode bar assembly of FIG. 2 
further including a second laser diode bar carrier 
disposed over the top of the first carrier and the 
laser diode bar. 



FIG. 4 is a cross-sectional view of a stacked 
array comprising an assembly of laser diode bar 
carriers and laser diode bars illustrating the use of 
the present invention. 

5 

DETAILED DESCRIPTION OF A PREFERRED EM- 
BODIMENT 

Those of ordinary skill in the art will realize that 

io the following description of the present invention is 
illustrative only and not in any way limiting. Other 
embodiments of the invention will readily suggest 
themselves to such skilled persons. 

Referring first to FIGS. 1a and 1b, two perspec- 

15 tive views of a laser diode bar carrier according to 
the present invention are shown illustrating two 
illustrative variations of power-distribution metalliza- 
tion patterns. As may be seen from FIGS. 1a and 
1b, the laser diode bar carrier of the present inven- 

20 tion preferably comprises a block 10 of dielectric 
material having a high thermal conductivity. Materi- 
als suitable for use in the present invention include 
diamond and beryllium oxide. Block 10 may be 
generally rectangularly shaped, but those of or- 

25 dinary skill in the art will understand that other 
shapes are possible. 

Block 10 is provided with a stepped portion 12. 
According to a presently preferred embodiment of 
the invention, stepped portion 12 is dimensioned 

30 such that the height of the step is chosen to be 
substantially equal to half the height of a laser 
diode emitter bar. The stepped portion 1 2 of carrier 
1 2 is adapted to receive a laser diode bar. Stepped 
portion 12 has a mounting face 14 thereon for 

35 mounting a laser diode bar thereto. Carrier 10 also 
includes a mating face 16. 

A conductive layer of material may be formed 
and patterned on the face of the carrier 10 to 
supply one power supply voltage potential to the 

40 commonly connected emitters via the conductive 
adhesive using one of a number of available tech- 
nologies. Two variations of such a power distribu- 
tion metallization are shown in FIGS. 1a and 1b, 
respectively. 

45 In FIG. 1a, a conductive strip 18, preferably 

formed from a metal such as a titanium-platinum- 
gold or chrome-gold sandwich, or other standard 
semiconductor metallization materials is shown 
formed on mounting face 14. Conductive strip 18 

so has a portion 20 wrapped around one edge to the 
side of carrier 10 to form a connecting site. Con- 
ductive strip 18 serves two purposes. It serves as a 
bonding substrate for attachment of a laser diode 
bar, and also serves as the common connections 

55 between one terminal of each emitter in the diode 
bar and a first power supply potential. 

A plurality of conductive wire bonding pads 
22a, 22b, 22c, and 22d may also be provided on 
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mating face 16 of carrier 10. Wire bonding or other 
suitable available technology may be used to con- 
nect a second power supply potential to the other 
terminal of each laser diode emitter on a laser 
diode bar. A typical application of this type em- 
ploying wire bonding pads is shown and will be 
disclosed with reference to FIG. 2. 

Another illustrative variation of the connectivity 
options possible when employing the carriers of 
the present invention is shown in FIG. 1b, wherein 
a conductive strip 18 (or series of bonding pads 
(not shown)) is provided with one or more lead 
lines 24 extending up the step and across the 
mating face 16 of carrier 10. The lead lines 24 may 
be folded over an edge of mating face 16 to serve 
as connection points to a power supply potential. 

In a typical application, carrier 10 will be 
formed from synthetic diamond, but could be 
formed from any insulating material having a high 
thermal conductivity, such as boron nitride. Alter- 
natively, carrier 10 could be formed from a high 
thermal conductivity conductive material such as 
copper or aluminum, provided that it is coated with 
an insulating material so as to permit attachment of 
the conductive leads to the laser diode emitters 
without short circuits. 

When carrier 10 is formed from diamond, it can 
be formed as a rectangular block and the step may 
be etched using a process such as masked plasma 
etching or other well known techniques. Alternative- 
ly, carrier 10 may be formed in several ways which 
incorporate the step feature, such as by consolida- 
tion of particulate diamond in a preform which 
incorporates the step features disclosed in co- 
pending application serial No. 07/704,997, filed 
February 28, 1991, expressly incorporated herein 
by reference, or by performing a diamond growth 
process on a substrate, such as silicon, which 
incorporates a negative image of the step feature. 

When formed from diamond, carrier 10 will 
typically have a width (the dimension parallel to the 
step) of about 1 cm, and will in fact depend on the 
length of the laser diode bar to be mounted. The 
thickness of the thin stepped portion will typically 
be between about 200-300 microns, and will de- 
pend on the thickness of the laser diode bar if two 
carriers are to be stacked with the bar sandwiched 
in between them. The thickness of the carrier 10 
beyond the stepped portion will typically be about 
300-400 microns, depending on the trade-off be- 
tween production cost and the need to provide 
adequate heat transfer. 

Referring now to FIG. 2, a perspective view of 
an assembly comprising a carrier 10 and a laser 
diode emitter bar 26 disposed on the mounting 
face 1 4 of the stepped portion 1 2 thereof. The laser 
, diode bar 26 may be affixed to the mounting face 
14 of the stepped portion 12 of carrier 10 using a 



suitable bonding or adhesive technology, such as 
gold/germanium eutectic or indium alloy solder, 
which provides mechanical strength and good ther- 
mal conductivity. Such adhesive technologies also 
5 provide a common electrical connection to the 
power terminations of the laser diode emitters lo- 
cated on the face of the bar bonded to the carrier 
10. 

To complete the laser diode bar carrier assem- 

w bly of the present invention, a second carrier is 
placed over the assembly of FIG. 2, such that the 
mating faces of both carriers are in contact. The 
second carrier is bonded to the first carrier at their 
mating faces. The second carrier may preferably 

75 also be coated with a patterned electrically conduc- 
tive material such as shown in FIGS. 1a and 1b or 
other variations, such that when the laser diode bar 
is placed in contact with it, a suitable electrical 
connection is made to supply power for operation 

20 of the laser diodes. Workers of ordinary skill in the 
art will recognize numerous ways to provide these 
electrical connections. 

Those of ordinary skill in the art will also recog- 
nize that a single laser diode bar may be used as 

25 mounted in FIG. 2, with connections between the 
emitter connection terminations and the other end 
of the power supply made by wire bonding or other 
suitable technology to the exposed connection ter- 
minations. FIG. 2 illustrates such a situation 

30 wherein a bonding wire 28 is bonded to one termi- 
nal of one of a plurality of diode emitters on laser 
diode bar 26 mounted on a carrier 10 such as the 
one depicted in FIG. 1a. The other end of each 
bonding wire is bonded to one of bonding pads 

35 22a, 22b, 22c, and 22d. 

FIG. 3 is a perspective view of such a laser 
diode bar carrier assembly 30, including first car- 
rier 10a and second carrier 10b having their mating 
faces 16a and 16b in contact with one another. 

40 Laser diode bar 26 is held in place in contact with 
the opposed mounting faces 14a and 14b and 
electrical connections through metal contacts 
placed on opposed mounting faces 14a and 14b. 
From an examination of FIGS. 2 and 3, it may be 

45 seen that the mounting faces 14 and mating faces 
16 of carriers 10a and 10b should have a sufficient 
surface flatness to promote easy assembly and a 
thickness adequate to provide the desired thermal 
conductivity. 

so The present invention provides numerous ad- 
vantages over existing prior art laser diode mount- 
ing technology. Those of ordinary skill in the art will 
appreciate that the mounting scheme of the 
present invention interposes the minimum thermal 

55 barrier between the diode laser junction heat sour- 
ces and the heat rejection site. Because heat is 
removed from laser diode arrays during operation 
from more than one side of the devices, the operat- 
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ing temperature of the devices and thermal stress- 
es are reduced, thus contributing to device longev- 
ity, optical stability, and efficiency. Because of its 
structure, the present invention also provides a set 
of assembly properties which are superior to exist- 5 
ing packaging schemes for laser diode arrays. 

These advantages of the present invention may 
be seen by an examination of FIG. 3, or of FIG. 4. 
Referring now to FIG. 4, a cross-sectional view of 
an assembly according to the present invention is w 
shown comprising a plurality of laser diode bar 
carrier assemblies 30a, 30b, and 30c, each having 
a laser diode bar 26a, 26b, and 26c, respectively, 
mounted to the mounting faces of opposing pairs 
of carriers 10a-10b, 10c-10d, and 10e-10f thereof. is 
Coupling faces 32 (shown in FIG. 3) of carrier pairs 
10a-10b, 10c-10d, and 10e-10f are in contact with 
one another and may be bonded together by use 
of a suitable bonding material preferably having a 
high thermal conductivity. Carrier pairs 10a-l0b, 20 
10c-10d, and 10e-10f may be bonded to a master 
carrier 34 to complete the assembly. 

Because the three subassemblies like that 
shown in FIG. 3 comprising carrier pair 10a-10b 
and laser diode bar 26a, carrier pair 10c-10d and 25 
laser diode bar 26b, and carrier pair 10e-10f and 
laser diode bar 26c, are assembled separately, 
they may be separately tested prior to incorpora- 
tion into the larger assembly shown in FIG. 4. This 
provides a significant advantage, since prior art 30 
assemblies of the size shown in FIG. 4 had to be 
completely assembled prior to testing to deter- 
mined whether the laser diode arrays are func- 
tional. 

The existence of one or more partially or whol- 35 
ly defective laser diode bars in a completed as- 
sembly the size of the assembly shown in FIG. 4 
represents a large rework and wasted materials 
cost. Using the present invention, however, testing 
of the individual subassemblies is permitted. In 40 
addition, if a defective laser diode bar is encoun- 
tered in a sub-assembly like that shown in FIG. 3, 
the defective laser diode array may be removed by 
debonding by appropriate procedures such as 
heating, and the carrier halves 10a and 10b of the 45 
assembly may be reused, thus significantly reduc- 
ing both rework time and wasted material. 

Practicing the teachings of the present inven- 
tion allows utilization of fewer and/or less complex 
parts during laser diode array assembly, and pro- 50 
vides an assembly having greater mechanical sta- 
bility, reliability, and lower cost. The present inven- 
tion also contributes to reduced assembly yield 
loss. Laser diode bars may be tested as individual 
subunits and, if bad, may be discarded before their 55 
integration into a large, expensive array requires 
expensive rework steps. In addition, in contrast with 
mounting schemes which require the fabrication of 



numerous slots, grooves, or trenches in a thermally 
conductive medium, the laser diode mounting tech- 
nique according to the present invention requires 
no such fabrication of fragile slots in hard-to-work 
material. Such slots are prone to breakage, and 
breakage of one slot ruins the entire slotted pack- 
age. Finally, use of the present invention allows 
assembly operation which are less mechanically 
complex, thus reducing the probability of laser di- 
ode bar failure due to mechanical stresses during 
assembly. 

In addition, the present invention permits im- 
proved alignment of the laser bars (an important 
parameter), due to the enhanced precision with 
which the mounting surfaces can be fabricated and 
the resulting precision with which the laser diode 
array bars can be mated to those mounting sur- 
faces. Metallization patterns can be more advanta- 
geously fabricated to connect the laser diode ar- 
rays in parallel, series, or any combination thereof. 
In particular, the present method lends itself to 
distribution of power to individual diodes, making 
possible compensation for individual diode vari- 
ation, and enabling phase or frequency modulation. 

The laser diode array packaging structure and 
method of the present invention enables a new 
level of performance to be obtained from these 
thermally-limited devices. Output power, device 
longevity, beam quality, and other laser diode pa- 
rameters are improved by use of this packaging 
scheme. The laser diode packaging structure and 
assembly of the present invention is particularly 
useful for applications such as diode pumped solid 
state lasers, and other applications requiring high 
laser diode output power. 

While embodiments and applications of this 
invention have been shown and described, it would 
be apparent to those skilled in the art that many 
more modifications than mentioned above are pos- 
sible without departing from the inventive concepts 
herein. The invention, therefore, is not to be re- 
stricted except in the spirit of the appended claims. 

Claims 

1. A carrier for a laser diode bar, said carrier 
comprising a generally rectangularly shaped 
block formed from a dielectric material having 
a high thermal conductivity, said block having 
a stepped recess therein, said stepped recess 
having a height essentially equal to one half 
the height of said laser diode bar and having a 
mounting face thereon. 

2. The carrier of claim 1 formed from beryllium 
oxide. 

3. The carrier of claim 1 formed from diamond. 
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4. The carrier of claim 1 , further including a laser 
diode bar mounted on said mounting face. 

5. The carrier of claim 4, further including means 

for providing electrical contact to electrical ter- 5 
mination for the laser emitters located on a 
side of said laser diode bar in contact with said 
mounting face. 

6. A mounting assembly for a laser diode bar, w 
including: 

a first carrier, said first carrier comprising a 
generally rectangularly shaped block formed 
from a dielectric material having a high thermal 
conductivity, said block having a stepped re- ;s 
cess therein, said stepped recess having a 
height essentially equal to one half the height 
of said laser diode bar and having a mounting 
face on a first side thereon, said block also 
having a mating face on said first side and a 20 
coupling face on a second side opposite from 
said first side; 

a second carrier, said second carrier com- 
prising a generally rectangularly shaped block 
formed from a dielectric material having a high 25 
thermal conductivity, said block having a 
stepped recess therein, said stepped recess 
having a height essentially equal to one half 
the height of said laser diode bar and having a 
mounting face on a first side thereon, said 30 
block also having a mating face on said first 
side and a coupling face on a second side 
opposite from said first side; 

said mating faces of said first and second 
carriers bonded to one another with a high 35 
thermal conductivity bonding material, said first 
and second carriers oriented such that their 
stepped portions are opposed from one an- 
other in a facing relationship to form a laser 
diode cavity between the mounting faces 40 
thereof; 

a laser diode array disposed in said laser 
diode cavity and bonded to said mounting 
faces of said first and second carriers with a 
high thermal conductivity bonding material. 45 



contact with said mounting faces of said first 
and second carriers. 

10. An assembly comprising at least two laser 
diode mounting assemblies as in claim 6, a 
coupling face of one of said first and second 
carriers of a first one of said at least two 
mounting assemblies bonded to a coupling 
face of one of said first and second carriers of 
a second one of said at least two mounting 
assemblies. 



7. The mounting assembly of claim 6 wherein 
said first and second carriers are formed from 
beryllium oxide. 

8. The mounting assembly of claim 6 wherein 
said first and second carriers are formed from 
diamond. 



9. The mounting assembly of claim 6, further 55 
including means for providing electrical contact 
to electrical terminations for the laser emitters 
located on a side of said laser diode bar in 
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